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SKIN OXYGEN TENSION DURING ADMINISTRATION OF EPINEPHRINE
AND NOREPINEPHRINE TO NORMAL MANt
Epinephrine and norepinephrine are biologically active substances which
are normally reflexly released in response to a number of stressful situa-
tions including hypoxia,7'' " hypercarbia,'7"' hemorrhage, ",7" and general
anesthesia.'""" In the process of evaluating the effects of such stressful
situations on the amount of oxygen in tissue and available for normal cellu-
lar respiration and metabolism, it became necessary to differentiate between
those changes in tissue oxygenation which were the result of the stressful
situations per se, and those changes in tissue oxygenation which were the
result of the reflex release of epinephrine and norepinephrine occasioned
by the stressful situations. The present study was instituted to clarify this
problem by measuring tissue oxygen concentration (in terms of tissue oxy-
gen tension) in normal adults given infusions of epinephrine and norepine-
phrine at a time when they were breathing room air at rest. Previous
reports on this subject have dealt only with dogs and have been preliminary
in nature.9 Polarographic techniques were used. Although they have cer-
tain definite and inherent limitations,"' when these limitations are re-
spected, such techniques provide valuable information presently unobtain-
able in any other manner. The present data relate only to changes in skin
oxygen tension.
METHODS
Polarography. The method employed for measuring tissue oxygen tension is related
to the fact that when a platinum electrode is inserted into a liquid or a tissue and is
then incorporated into a circuit, application of a fixed low voltage results in reduction
of oxygen about the electrode. The resulting current is proportional to the amount of
oxygen present. In the present study open-tipped platinum electrodes were made and
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incorporated into a circuit which had been modified as previously described4 from the
method of Montgomery and Horwitz.'8 After the electrode had been inserted into the
skin, a nearby indifferent electrode was applied and a known voltage introduced to
complete the circuit. The resulting current was recorded on a Rubicon spot galvanom-
eter. The voltage applied was graduated from 0.2 volt to 0.8 volt in increments of
0.2 volt in order to assure that the resulting amperage fell within the plateau portion of
the established oxygen reduction curve.2 The mid-portions of our plateaus were 0.6 volt
as reported by other investigators.1' Galvanometric readings were taken 20 seconds after
the voltage had been applied to allow establishment of equilibrium within the circuit.
Readings were taken at intervals of 2 minutes to allow recovery of the electrode.
Responsiveness of electrodes as well as electrode decay were checked as previously
described.' Indifferent electrodes of saline-silver-silver chloride were used throughout.
Results are quoted in terms of galvanometric units, the sensitivity of the galvanometer
being constant throughout each experiment. Because of the well-recognized difficulties
in calibrating such electrodes in tissue,10 no attempt has been made to interpret
amperage (as expressed by galvanometric units) in terms of oxygen tension (as
expressed in mm.Hg). Nevertheless, determinations of both magnitude and direction of
changes in galvanometric readings indicate proportionate changes in tissue oxygen
tension and so, although quantitative results are not possible, reliable qualitative data
are obtained.
Clinical. Six normal healthy adult volunteers aged 29 to 37 without clinical evidence
of cardiovascular or endocrine disease were studied at rest in the supine position. At the
start of each experiment a slow intravenous infusion of 5 per cent dextrose in water
was started in an upper extremity and the platinum electrode was inserted into the skin
of the lateral aspect of the calf. The electrode was placed in the skin through a small
intracutaneous puncture made with a 25-gauge needle. Care was taken to avoid
bleeding, subcutaneous insertion, "tenting" or other distortion of the skin, and motion
of the electrode. If any of these occurred, the subject was eliminated from further study.
Following a period of 30-45 minutes to allow basal conditions to be achieved, base-line
readings of skin oxygen tension were recorded and continued at two-minute intervals
until constant values had been obtained on three or more consecutive measurements. As
soon as a base-line had been established, an infusion of norepinephrine bitartrate
(Levophed CR) was started through a three-way stopcock attached to the intravenous
needle. The rate of infusion was regulated so as to result in an approximately equi-
pressor response in all subjects as determined by sphygmomanometry. In five of the
subjects the elevation of systolic blood pressure was 30-35 mm.Hg. In the sixth, the
systolic pressure rose 60 mm.Hg. The dosage of norepinephrine, expressed as free base,
varied from 0.10 to 0.30 ,ug./Kg./min. As soon as oxygen tension levels had become
stabilized for 5-15 minutes, the norepinephrine was discontinued and the slow infusion of
dextrose in water reinstituted. During the recovery period, following norepinephrine
infusion, galvanometric readings were taken every two minutes. One-half hour to 45
minutes after the readings had returned to control levels, an intravenous infusion of
epinephrine was started and the effects on skin tension recorded. Again, equipressor
doses were administered. All subjects showed rises in blood pressure of 25-50 mm.Hg
systolic. Dosages used varied from 0.11 to 0.25 ,ug./Kg./min. When repeated observa-
tions indicated that stable oxygen tensions had been achieved following epinephrine
infusion, the infusion was maintained for 5-15 minutes and then discontinued. Gal-
vanometric readings were continued during the post-epinephrine recovery period until
they returned to control levels. The epinephrine used was U.S.P. epinephrine which has
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the disadvantage that it may contain traces of norepinephrine. Nevertheless, the
cardiovascular response, especially that of the diastolic pressure and pulse rate
following the infusion of the epinephrine, was so characteristic of epinephrine that the
amount of norepinephrine included, if any, was physiologically unimportant.8
RESULTS
Norepinephrine. All six subjects showed the same response to infusions
of norepinephrine. The systolic blood presssure rose an average of
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FIG. 1. Effect of norepinephrine infusion on skin oxygen tension in a normal subject.
Ordinate (from above down): blood pressure in mm.Hg (Vt systolic; Xldiastolic)
and pulse rate per minute; skin tension in galvanometric units; rate of norepinephrine
infusion (jug. of free base/Kg./min.). Abscissa: time in minutes.
37 mm.Hg, the diastolic rose an average of 31 mm.Hg, and the pulse rate
decreased an average of 18 beats per minute. Skin oxygen tensions showed
a slight and very transient increase in three patients at the start of infusion,
followed within 2-4 minutes by a decrease below control levels. When
this initial rise did occur, it was of the order of magnitude of 2 to 10 per
cent. In the other three patients, there was no initial rise in skin oxygen
tension but, instead, the oxygen tension decreased immediately. In all
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subjects skin oxygen tension was decreased during the period of elevated
blood pressure. The decreases averaged 26 per cent, with individual sub-
jects showing decreases ranging from 10 to 51 per cent. A characteristic
response is shown in Figure 1. (It should be borne in mind that the im-
portant data in such a study are the percentile changes in skin oxygen ten-
sion from control levels, rather than changes in terms of number of galvano-
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FIG. 2. Effect of epinephrine infusion on skin oxygen tension in a normal subject.
See description accompanying Figure 1.
metric units, because base-line recordings vary from individual to individ-
ual depending upon the sensitivity of the galvanometer.) Following cessa-
tion of norepinephrine infusion, the blood pressure returned to pre-infusion
levels within 4-18 minutes but skin oxygen tension required 20-30 minutes
to return to control levels.
Epinephrine. The response to epinephrine infusion was also the same
in all six subjects. The systolic blood pressure rose an average of 34
mm.Hg, the diastolic pressure decreased an average of 6 mm.Hg, and the
pulse increased an average of 14 beats per minute. In two instances there
were small, transient increases in skin oxygen tension at the start of the
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epinephrine infusion amounting to 4 and 5 per cent. In the remaining four
subjects, skin oxygen tension never rose even momentarily but promptly
decreased. All six patients showed lowered skin oxygen tensions during
epinephrine infusion. The average decrease was 28 per cent, the range -5
to -56 per cent. A typical response is shown in Figure 2. In one patient
the appearance of premature ventricular contractions terminated the experi-
ment, but no arrhythmias were noted in other subjects. As with norepine-
phrine, skin oxygen tensions did not return to normal for 20-30 minutes
after cessation of the infusion, although the blood pressure returned to
control levels within 4-8 minutes.
DISCUSSION
Tissue oxygen tension is a function of: (i) the rate at which arterial
blood is delivered to tissue; (ii) the amount of oxygen in arterial blood;
(iii) the rate at which oxygen is consumed by tissue; and, (iv) the coeffi-
cient of oxygen diffusion in tissue fluids. Little is known regarding the
fourth factor, but the other three are known to be related to a large num-
ber of physiological variables. An incomplete list of these variables would
include: concentration of oxygen in the inspired air, oxygen-carrying capac-
ity of blood, cardiac output, blood pressure, the state of the peripheral vas-
culature (whether vasodilated or vasoconstricted), and the presence or ab-
sence of calorigenic substances such as thyroxine or epinephrine.
The present results show that skin oxygen tension decreased during
infusions of epinephrine and norepinephrine which were adequate to pro-
duce a vascular response. The etiology of these decreases cannot be deter-
mined at present inasmuch as the experiment was not designed to measure
all the variables which can influence skin oxygen tension. Nevertheless, the
best explanation for the decreases seen with norepinephrine is that the drug
acts primarily by decreasing the rate of delivery of arterial blood to skin
rather than by effecting alveolar oxygen tension, arterial oxygen tension,
or rate of cutaneous oxygen utilization. The decrease in cutaneous blood
flow could be a result of intense vasoconstriction, decreased cardiac output,'
or both.
Epinephrine has such a marked calorigenic effect that the observed
decreases in skin oxygen tension might be explained solely on the basis of
increased oxygen utilization. Whether the vascular effects of epinephrine
contributed to the decreases in oxygen tension is impossible to determine
in the absence of simultaneous measurements of cutaneous blood flow. As
Folkow5 and others have emphasized, the vascular response to epinephrine
varies in different organs and, in the case of skin, even in different areas
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of the same organ. In addition, the response to epinephrine differs accord-
ing to species, and also according to route of administration and dosage.
It is, therefore, not known whether, in the subjects studied, cutaneous
vasodilation or vasoconstriction was present. If the latter, decreases in
blood flow and hence in oxygen tension might be anticipated, but vaso-
dilation has also been shown to be associated with decreases in cutaneous
oxygen tension under certain circumstances.!
Since the catechol amines studied have been shown to be associated with
decreases in skin oxygen tension averaging approximately 25 per cent, it
is now possible in future studies to apply this fact and so to recognize
the extent to which changes in skin oxygen tension are related to reflex
release of epinephrine and norepinephrine.
In conclusion, it should be emphasized that the results presented cannot
be applied to oxygen tensions in physiologically more important tissues
such as the myocardium, the central nervous system, the kidney, and the
liver. Such data are the subject of future investigations.
SUMMARY
Epinephrine and norepinephrine infusions in normal volunteers were
associated with average decreases in skin oxygen tension of 28 and 26
per cent, respectively, at a time when a vasopressor response had been
obtained.
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